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3.  Data Collection Methods in Forestry Socio-
economic Research 
 
John Herbohn 
 
 
Data collection is an important component of the research process, yielding facts, figures 
and views which are subsequently analysed and manipulated in various ways. This module 
outlines some useful data collection techniques for socio-economic data – including surveys 
of individuals in a target population, data collection from groups, and scenario development 
– with reference to the appraisal of forestry projects. The coverage is not exhaustive, but 
focuses on some of the techniques that have frequent application in the area of forestry and 
resource management research.  
 
 
1.  DATA COLLECTION IN THE SOCIAL 
VERSUS PHYSICAL SCIENCES 
 
Data collection methods in the social 
sciences differ markedly from those used in 
the biological and physical sciences. 
Typically in the latter, some form of physical 
measurement of real-life phenomena is 
possible under controlled and often 
repeatable conditions. For instance, the 
effects of fertilizer application on seedling 
growth can be assessed under controlled 
conditions in a greenhouse by measuring 
key parameters such as length of shoots 
and roots, biomass accumulation and 
photosynthetic activity. These types of 
experiments can be controlled, e.g. the 
amount of nutrients added can be controlled 
by adding know concentrations in solution, 
the amount of light can be controlled by 
using artificial lighting, and temperature can 
be controlled by using a constant 
temperature room or a heating or air-
conditioning unit linked to a thermostat and 
timer. Replication and repeatability in 
science is usually achievable. This is not 
the case in social science research. 
 
The key difference between collecting data 
in the social sciences compared with the 
biological and physical sciences is ‘people’. 
Social sciences by their very nature deal 
with people – either directly or indirectly – 
which poses challenges when collecting 
data. For example it is not possible to 
‘measure’ peoples attitudes in the same 
way that that the growth rates of seedlings 
can be measured. Also, people change in 
response to past experiences and changes 
in the environment. It is thus extremely 
difficult if not impossible to achieve the 
same replication and repeatability that is the 
case in the physical and biological 
sciences. 
 
2.  SURVEYS 
 
Surveys are the most common form of data 
collection in the social sciences. This 
section will discuss how surveys can be 
used to collect information from and about 
individual people, while the following 
section will deal with the collection of 
information from groups. 
 
Conducting a survey 
 
The survey process may be thought of as 
both the development and administration of 
a questionnaire or survey instrument, and 
the analysis of the survey data. The major 
steps involved in the survey process are set 
out in Figure 1. The decisions made in the 
early stages will affect the choices at the 
later stages – thus the forward links in 
Figure 1. For instance the information 
needs specified at the start will affect the 
choice of sampling design, the way in which 
the questionnaire is structured and the 
selection of data analysis techniques. If 
there were only forward links in the process 
then the conducting of a survey could be 
done one step at a time, completing each 
step before considering the next. Implicit in 
this ‘single direction’ approach is the 
assumption that there are no limiting factors 
in later steps. This is seldom, if ever, the 
case. For instance there are invariably 
budgetary limitations on data collection or 
data processing resources. These 
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limitations restrict the alternatives available 
at earlier steps; these backward linkages 
are indicated in Figure 1 by dashed lines 
running upwards. Backward linkages run 
from the ‘collect data’ and ‘analyse data’ 
boxes back to the ‘develop questionnaire’ 
and ‘sampling design’ phases. This 
illustrates that major decisions concerning 
data collection and analysis should always 
be considered before selecting a sample 
and designing a questionnaire. 
 
While the amount of information that could 
be collected about a project is almost 
unlimited, limited time and other resources 
make it necessary to prioritise the 
information sought. Information needs can 
be categorised into three levels of 
importance: (a) absolutely essential, 
constituting the reason for the survey (in the 
case of project appraisals, these data are 
required for the appraisal to be undertaken), 
(b) highly valuable for making important 
decisions, (c) supporting information which 
clarifies the picture but is not essential. 
Care must be taken to group questions 
logically, and to identify the most important 
questions to be put to respondents, and to 
place these appropriately within the 
questionnaire, e.g. at a point where rapport 
has been established with the respondent. 
More intrusive or personal questions are 
often placed near the end of a 
questionnaire.
 
 
Identify information needs  
 
 Forward links 
 
 
Sampling design  
 
 
 
 
Develop questionnaire  
  Backward links 
 
 
 
Collect data  
 
 
 
 
Analyse data  
 
 
 
 
Write report  
 
 
 
Figure 1. Major steps in the survey and data analysis process
             Source: Based on Alreck And Settle (1995, p. 26). 
 
 
 
 
A crucial part of any survey is deciding what 
group of people is to be surveyed; this 
group is commonly referred to as the 
reference population. When seeking 
estimates for input into project appraisals it 
is critical to ask the people who have the 
experience, knowledge and skills to be able 
to provide reliable estimates. There is no 
point asking people in production to make 
estimates about likely sales of a new 
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product; this question is best addressed to 
either marketing staff or customers. In the 
case of gathering judgemental estimates 
used in project appraisals, the population is 
likely to comprise a small number of experts 
or semi-experts. In such cases, it may be 
feasible to distribute questionnaires to all 
members of the population, i.e. to carry out 
a census. Where the population is of a size 
that does not permit every member to be 
contacted, within the budget and timeframe, 
a choice needs to be made regarding the 
basic sampling design. Here the typical 
choices are between probability or non-
probability sampling. If probability sampling 
is chosen then further choices need to be 
made between sampling designs, the 
typical contenders being simple random 
sampling, stratified sampling and multistage 
sampling. As a rule of thumb, the less 
expert or focussed the population with 
respect to the parameters being estimated 
(often corresponding to a large population), 
the shorter should be the questionnaire. 
Long questionnaires distributed to groups 
with little or no interest in the outcomes of 
the survey will result in a low response rate. 
Long questionnaires are also more 
expensive to produce and analyse and are 
thus highly costly when large numbers are 
distributed. 
 
Questionnaire development usually 
proceeds through a number of drafts. As 
part of this process the instrument may be 
tested on a small sub-sample in a pilot 
survey; this usually leads to some revision 
of questions. It is also critical to ensure the 
questionnaire is designed to elicit all the 
information required and that no redundant 
information is sought. This is best done by 
reference back to the previously identified 
information needs. 
 
Implementation of the survey may be 
through personal interview, telephone 
interview, drop-off-and-collect or by mail 
(‘snail mail’ or email). Personal interviews 
are generally expensive and time 
consuming and are suited to the situation 
where the target or reference population is 
small and not widely dispersed. Non-
response bias is generally not a problem 
because of the high participation rate 
generally associated with this method. This 
is especially so if respondents are being 
interviewed as part of their employment 
duties, which is sometimes the case when 
information is being collected as input into 
project appraisal. Telephone interviewing 
can be effective, especially where the 
information required is straightforward, but 
is not suitable for the collection of 
information that is complex and requires 
detailed thought or calculations. Postal 
surveys are usually undertaken when large 
sample numbers are required, from a 
modest budget. Non-response bias is an 
issue that needs to be considered no matter 
what method is used; however, it is 
especially a concern with postal surveys. 
 
Data analysis is the process through which 
the survey responses are summarised into 
descriptive statistics such as tables and 
graphs, and perhaps subjected to inferential 
statistical methods such as chi-squared 
tests, regression analysis and analysis of 
variance. In a highly structured 
questionnaire, highly specific information is 
sought. Respondents will be required to 
provide specific estimates, such as 
estimates of area of trees planted and the 
date when planting took place or thinning 
and harvesting are likely to occur. 
Alternatively, respondents may be required 
to choose one option from a discrete set of 
options or to rank a particular statement on 
a predetermined scale. In such cases, 
descriptive statistics such as means, 
medians and standard errors can be easily 
calculated and used in project appraisal. 
Open-ended questions within a 
questionnaire allow respondents the 
opportunity to answer the question in their 
own words, and relay their particular 
perceptions, which can provide insights into 
specific issues and problems, but also pose 
challenges when analysing the responses.  
 
Report generation produces a permanent 
record of the processed data and its 
interpretation. When the information is 
being compiled for internal use – often the 
case in project appraisal – the report, if 
prepared at all, may be rudimentary and 
involve simple summary tables and brief 
discussion of the data. 
 
A number of texts are available which 
provide more detail on the survey process. 
An excellent survey research resource is 
The Survey Research Handbook by Alreck 
and Settle (1995). 
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3.  COLLECTING DATA FROM GROUPS 
 
Survey data collected from individuals is 
often aggregated to provide insights into 
groups beliefs and attitudes or to explain 
social phenomena. In the fields of 
economics and accounting these data is 
also often used to develop economic and 
financial models. However, in sometimes 
data are collected directly from groups. This 
section discusses a number of techniques 
that can be used to collect data from groups 
as opposed to individuals. 
 
Evidence suggests that forecasts and other 
estimates produced by groups have greater 
accuracy than those derived from 
individuals. Groups also provide more 
information, although the marginal increase 
in information content decreases as group 
size increases. The use of groups also 
provides an opportunity to gain more 
information about the range of possible 
outcome values hence giving an insight into 
the risk associated with the estimates. From 
a behavioural perspective, it is also likely 
that a group responsible for a implementing 
a project will have greater commitment to it 
if they are involved in providing estimates of 
variables used in the financial analysis 
leading up to a decision to proceed.  
 
When group members are allowed to 
interact, this may be in a structured or 
unstructured manner. Group processes, 
particularly those that are unstructured (also 
referred to as ‘interacting groups’), have a 
number of potential shortcomings (Janis 
and Mann 1977; Lock 1987): 
 
a) Group think. In meetings, one idea is 
often pursued for a considerable period 
of time and thinking consequently 
becomes narrow or confined. This often 
reflects a common information base of 
group members and a desire for and 
encouragement of conformity. 
 
b) Inhibition of contributors. Within groups 
there are often power differentials and 
members of a group may be unwilling to 
contradict a superior, or even express 
an opinion. Also, dominant personalities 
may reduce the willingness of others to 
contribute. 
 
c) Premature closure. There often is a 
tendency for the group to adopt the first 
satisfactory option or estimate without 
fully exploring other options or 
possibilities.  
 
A number of structured group techniques 
have been developed which aim to 
minimise these social and psychological 
difficulties, some of which are now 
examined. 
 
Jury of executive opinion 
 
This technique is one of the simplest and 
most widely used forecasting approaches. 
In its most basic form it involves simply 
executives meeting and deciding on the 
best estimate for the item being forecast. As 
a precursor to the meeting, it is common to 
provide background information to 
executives. 
 
A major drawback of this approach is that it 
places those making the forecasts in direct 
contact with each other thus allowing ad 
hoc and uncontrolled interaction. The 
potential exists for problems of group 
interactions (e.g. dominance of individuals, 
group think) to arise. In particular, the 
weight attached to the opinion of a 
particular individual is likely to be 
determined by the rank (and personality) of 
that individual in the organisation. The 
views of executives with the best 
information or in the best position to make 
an accurate forecast are not necessarily 
given sufficient weight. 
 
One variation of the this approach involves 
the jury (group) periodically submitting 
estimates in writing, which are then 
reviewed by the president or some other 
senior member. The person reviewing the 
individual forecasts will sometimes make a 
final assessment based on the opinions 
expressed. In doing so, this person will also 
often call on past experience to take into 
account which executives are biased in 
which direction and then weight each 
individual’s estimates accordingly. 
Alternatively, the individual estimates can 
be averaged to derive an which is 
considered representative of the group. 
This later approach could almost be 
considered an informal variant of the Delphi 
method discussed below 
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The Delphi method 
 
The Delphi method was originally 
developed by the Rand Corporation in the 
1950s to obtain consensus among experts. 
Since this time it has been refined further 
and applied to gain information in a wide 
range of fields. These fields are as diverse 
as regional economic development, health 
care policy, sociology, environmental risk, 
prediction of fruit prices, tourism and 
recreation, forestry and advanced 
manufacturing techniques. The Delphi 
technique may be particularly useful in 
situations where objective data are scarce.  
 
The Delphi method is designed to elicit 
estimates from experts within a group or 
panel without allowing interaction between 
individuals on the panel, thus avoiding 
problems with dominant members. Experts 
do however have the ability to revise their 
estimates on the basis of group views. Such 
an option is not available using the 
traditional survey method. This technique 
proceeds through a series of data collection 
rounds. 
 
In a classic Delphi survey, the first round is 
unstructured, allowing panellists to identify 
freely and elaborate on the issues that they 
consider important. These are then 
consolidated into a single set by the 
monitors, who then produce a structured 
questionnaire designed to elicit the views, 
opinions and judgements of the panellists in 
a quantitative form. The consolidated list of 
scenarios is presented to the panellists in 
round two, at which time they place 
estimates on key variable such as the time 
an event will occur. These responses are 
then summarised and the summary 
information is presented to the panellists, 
who are invited to reassess their original 
opinions in light of anonymous individual 
responses. In addition, if panellists 
assessments fall outside the upper or lower 
quartiles, they may be asked to provide 
justifications as to why they consider their 
estimates are more accurate than the 
median values. 
 
Further rounds of collection of estimates, 
compiling summary information and inviting 
revisions continues until there is no further 
convergence of expert opinion. Experience 
reveals this usually occurs after two rounds, 
or at the most four rounds (Janssen 1978). 
 
There are a number of variants on the 
classical Delphi method. When the issues 
are well defined, a clearly defined scenario 
can be developed by the monitoring team. 
In such circumstances, it is common to 
replace the unstructured first round with a 
highly structured set of questions through 
which specific estimates of parameters are 
obtained. A statistical summary of all 
responses is then provided to the panel for 
the second round, rather than in the third. In 
such cases, it is common for the Delphi 
method to include only one or two 
iterations. 
 
The classic Delphi method is conducted 
through a combination of a polling 
procedure and a conference. Commun-
ication between conference panellists is 
however restricted and undertaken through 
the monitoring team. Even though panellists 
are at the same physical location, there is 
no face-to-face contact. A variant is the 
‘paper’ Delphi (sometimes also known as a 
‘paper and pencil Delphi poll’) that is 
conducted entirely by mail. Another variant 
is the ‘real time’ Delphi whereby feedback is 
provided by computer and final results are 
usually available at the end of the session. 
 
The quality of forecasts and other estimates 
provided by Delphi method very much 
depends on how the technique is applied. 
The following list of suggestions of how to 
best apply the Delphi method are primarily 
those of Parente et al. (1984) with a few 
additions from other sources: 
 
1. The criteria for the selection of panellists 
(e.g. education, experience) should be 
carefully determined and clearly 
communicated. 
2. A minimum of 10 panellists after dropout 
are recommended although it is 
sometimes suggested that five is 
sufficient 
3. Commitment to serve on the panel 
should be secured before the first round 
of estimates is requested. This will 
improve motivation and ensure a 
balanced sample if dropout is likely. 
Time should be taken to explain the 
Delphi technique and the information 
provided. 
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4. A range of estimation problems may be 
presented, although these should be 
less than 25 in number. Where 
appropriate, the main estimates should 
be broken down into sub-problems. 
Alternatively, different outcomes might 
be presented and their likelihood 
requested. Either way, the estimates will 
be useless unless the right problems 
are presented, hence the effort needs to 
be put into framing the problem. Some 
prior testing may be appropriate, 
especially if the Delphi survey is being 
undertaken through the post. 
5. Problem statements should not be 
longer than 20 words and should use 
quantitative data (e.g. 50% increase) 
rather than fuzzy linguistics (e.g. 
‘considerable increase’). 
6. The ‘rules’ for good questionnaire 
design should be applied to the 
presentation of problems. These include 
avoiding compound sentences. 
7. If the purpose of the Delphi process is to 
generate estimation problems then it is 
suggested that examples of attractive 
and undesirable scenarios be 
presented. 
8. There is little difference in the manner in 
which the Delphi approach is designed 
in the sense that the same steps are 
involved in the process, regardless of 
whether it is administered by mail, a 
networked computer or face-to-face 
meeting. Factors such as cost, the need 
for timely information or the availability 
of experts to attend a face-to-face 
meeting may determine the appropriate 
method. 
9. The principle of anonymity should be 
ensured. The organiser’s opinions on 
the estimates should not be 
communicated to the panellists. 
10. The amount and form of the feedback 
will need to be carefully managed. The 
number of rounds will depend on the 
panellists and the manner in which the 
Delphi survey is conducted (i.e. at what 
stage a highly structured questionnaire 
is distributed). The general advice is 
that more rather than fewer rounds, as 
well as descriptive feedback, are 
preferable. Medians should be provided. 
11. Extreme responses should be screened 
for the panellist’s expertise. If the expert 
has relatively low expertise, then the 
response might be discounted. 
12. If the Delphi survey is directed to 
research applications, a detailed report 
of the process should be published to 
allow replication by other researchers at 
a later time. The range of responses 
should be published to demonstrate 
consensus or panellists’ reasoning.  
 
The nominal group technique 
 
The nominal group technique (NGT) uses 
the basic Delphi structure but in face-to-
face meetings which allow discussion 
among participants. A meeting with NGT 
starts without any interaction, with 
individuals initially writing down ideas or 
estimates related to the problem or 
scenario. Each individual then presents 
their ideas or estimates, with no discussion 
until all participants have spoken. Then 
each idea or estimate is discussed. The 
process is then repeated. For this reason, 
NGT is sometimes known as the ‘estimate-
talk-estimate’ procedure. In practical terms, 
like Delphi, the framing of the questions or 
the scenario is crucial for the success of the 
process. Also, ideally, the leader or 
moderator of the discussion should come 
from outside the group. 
 
Other group techniques 
 
A number of other group techniques are 
available. The Devil’s Advocate and 
Dialectical Inquiry involve individuals or 
small groups taking a ‘devil’s advocate’ role 
or using the dialectic approach (presenting 
multiple views) to explore alternative 
different options. Both methods are 
considered to be ways of overcoming the 
problem of ‘group think’. 
 
Lock (1987) outlined a further approach to 
group judgmental forecasting which draws 
upon elements of the nominal group 
technique and Inquiry Systems. Inquiry 
systems according to Lock are simply 
philosophical systems that underlie different 
approaches to analyzing or investigating 
particular phenomena. This approach 
consists of seven phases: 
 
1. Problem or task definition 
2. Pre-collection of estimates of the 
variable of interest and the reasoning 
behind the estimate 
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3. Sharing of the estimates and 
clarification of the underlying reasoning 
behind them 
4. Discussion of underlying reasoning 
5. Encouragement of multiple advocacy 
(dialectic inquiry) 
6. Individual revision of estimates 
7. Synthesis of estimates. 
 
This approach recognises the benefits of 
communication between groups.  
 
4.  THE DELPHI TECHNIQUE APPLIED 
TO APPRAISING FORESTRY 
PROJECTS 
 
The Delphi technique is now illustrated as a 
means of collecting information to 
undertake a financial analysis of forestry 
projects, based on two ‘real-life’ Delphi 
surveys undertaken in northern Australia. 
 
A simple model of appraising forestry 
investment 
 
A simple model for appraising investment in 
forestry projects is illustrated in Figure 2. 
This diagram illustrates the key parameters 
which need to be estimated for evaluation 
of forestry projects, viz. harvest volumes 
and stumpage prices for the various types 
of timber harvested, and input costs. It is 
also critical to have estimates of the timing 
forestry operations and costs and returns 
throughout the plantation life or ‘rotation 
length’. The estimates made at the time of 
planting become forecasts for deriving cash 
flows for the various years throughout the 
plantation. This information can then be 
entered onto a spreadsheet in which annual 
net cash flows and financial performance 
criteria are derived. Performance estimates 
are typically made on a one-hectare basis, 
and then aggregated up for plantation size. 
 
For traditional exotic conifer plantations 
such as radiata or caribbean pine, it is 
relatively easy to obtain estimates of the 
various parameters of the model. For 
example, costs of establishment, continuing 
maintenance and non-commercial thinning 
are easily obtained, for example from 
contractors. Yield estimates, along with final 
harvest price, are the two key parameters in 
determining final harvest revenue. For pine 
plantations there are well developed stand 
growth models for various site indices 
based on many years of past growth data 
that can provide accurate projections of 
likely yield. The following two examples, on 
the other hand, apply to situations where 
non-traditional species are grown, hence 
little stand growth data are available. 
 
Example 1: Appraising Forestry Projects 
Involving New Planting Systems 
 
In recent years there has been a move 
away from traditional silviculture systems 
involving monocultures of a small number of 
mostly softwood species. In Australia for 
example, plantations of native hardwoods 
including many rainforest species have 
been established. In the case of native 
timber species for which little is known 
about the silviculture, it is extremely difficult 
to obtain estimates of growth rates that can 
be accepted with a high degree of 
confidence. 
 
The Delphi technique is a convenient 
method of obtaining estimates of expected 
growth and harvest age of native species 
for which there exist no growth models 
based on past performance or physiological 
characteristics. This was in fact the case 
recently in tropical Australia, where it was 
necessary to obtain estimates of growth 
rates and harvest ages for 31 species 
(Herbohn et al. 1999). In this case, the 
Delphi method proved to be an effective 
method to collect plantation productivity 
data necessary for the financial appraisal. 
 
This project used the Delphi method to 
provide estimates of (a) mean annual 
increment or MAI (m3/ha/yr) and (b) time to 
harvest (years) of 31 species. Harvest age 
and MAI are the key biological parameters 
needed to estimate yield and harvest 
scheduling for use in financial models. In 
this case the species for which information 
was sought had either been widely planted 
in the area or had been included in a 
previous Delphi survey. 
 
Opinions were sought from 13 individuals 
with extensive experience in growing of 
Australian tropical and sub-tropical 
rainforest species for either timber prod-
uction or reforestation. Individuals generally 
had either extensive field experience or had 
undertaken research involving native 
rainforest and tropical eucalypt species. 
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Panellists were provided with a table listing 
the 31 selected species and asked to 
provide estimates of their ‘best guess’ of 
optimal rotation period (years) for each 
species along with estimates of ‘shortest 
time to harvest’ and ‘longest time to 
harvest’. Estimates were also requested for 
the ‘best guess’ for expected yield 
(m3/ha/yr) based on the ‘best guess’ 
rotation period along with estimates of 
‘highest yield expected’ and ‘lowest 
expected yield’. In this section, participants 
were asked to assume that the trees would 
be planted on relatively fertile basaltic soils, 
that average annual rainfall would be 
between 1500-2000 mm, that initial planting 
density would be around 660 stems per 
hectare (sph) and suitable thinning regimes 
would be applied. 
 
 
Stumpage 
Price ($/m3) 
Volume at harvest 
(m3/ha) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. A simple model for appraising investment in forestry projects 
Cash inflows from 
final harvest ($) at tn 
Cash inflows 
from thinnings 
($) at tx, ty, etc. 
Plantation net 
cashflows from 
($) t1 to tn 
Annual maint-
enance costs 
($) t1 to tn 
Establishment 
Costs ($) at t0 
Financial performance 
criterion, e.g. NPV 
 
 
Questionnaires were distributed to 
participants followed by a visit by one of the 
research team. Responses for the 
estimates of growth rates and harvest ages 
of the 31 selected species were then 
collated and averages calculated. A 
summary table including the group 
averages was prepared and distributed to 
participants along with their original 
estimates. In this second round of the 
Delphi survey participants were given the 
opportunity to review their original estimates 
of growth rates and harvest ages in light of 
the group averages and to provide any 
appropriate revisions or comments. Few 
revisions were received in this second 
round and the Delphi process was then 
terminated. An extract of the survey form 
used in the first round of the Delphi survey 
is provided in Figure 3. In the second round, 
a similar table was compiled with the 
averages of estimates provided from all 
panellists, along with the estimates from 
that particular panellist. 
 
Outcomes of the Delphi survey 
 
The outcome of this Delphi survey was a 
table of harvest ages and yields, where for 
each variable the group mean and highest 
and lowest estimates were recorded. 
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Species Common 
name 
Optimal rotation period 
(years) 
Yield based on ‘best guess’ 
rotation period (m3/ha/yr) 
  Best guess 
harvest age 
(years) 
Shortest 
time to 
harvest 
(years) 
Longest 
time to 
harvest 
(years) 
Best 
guess 
yield 
Highest 
expected 
yield 
Lowest 
expected 
yield 
Acacia 
mangium 
Mangium 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acacia 
melanoxylon 
Black-wood  
 
 
 
 
 
 
 
 
 
 
 
Agathis 
robusta 
Kauri Pine  
 
 
 
 
 
 
 
 
 
 
 
Araucaria 
cunninghamii 
Hoop pine  
 
 
 
 
 
 
 
 
 
 
 
Beilschmieda 
bancroftii 
Yellow 
walnut 
 
 
 
 
 
 
 
 
 
 
 
 
Blepharocarya 
involucrigera 
Rose 
Butternut 
 
 
 
 
 
 
 
 
 
 
 
 
Cardwellia 
sublimis 
Northern 
silky oak 
 
 
 
 
 
 
 
 
 
 
 
 
Castano-
spermum 
australe 
Black Bean  
 
 
 
 
 
 
 
 
 
 
 
Cedrela 
odorata 
West 
Indian 
cedar 
 
 
 
 
 
 
 
 
 
 
 
 
Ceratopetalum 
apetalum 
Coach-
wood 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Extract of survey form used in Stage 1 of Delphi survey in Example 1 
 
Example 2: Collecting Data for Forestry 
Projects Involving New Planting 
Systems  
 
In north Queensland it has become a 
common practice to plant Flindersia 
brayleana with Eucalyptus cloeziana and 
many potential investors are interested in 
the possible financial returns from such as 
plantation. There is however a lack of 
growth models for this mixture. Flindersia 
brayleana exhibits marked crown shyness 
(i.e. stops growing when the leaves in its 
crown touch the leaves in a crown of 
another tree). There is also a neat 
relationship between crown diameter and 
the diameter of the stem. These two 
characteristics make it very easy to develop 
a well-structured plantation scenario 
involving the two species. A Delphi survey 
was carried out to obtain information that for 
development of a financial model for the 
two species mixture (see Herbohn and 
Harrison 2001). 
 
A planting and harvesting scenario was 
developed for a 50:50 mixture of Flindersia 
brayleyana and Eucalyptus cloeziana 
(Table 1). Thinning and harvesting regimes 
are timed to occur just as F. brayleyana 
crowns touch, at which time lock-up of 
growth would be expected to occur.
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Table 1. Planting and harvesting scenario for a Flindersia brayleyana and Eucalyptus 
cloeziana mixture 
 
Stage and activity Density after treatment 
(stems/ha) 
Estimates requested from participants 
in Delphi survey of reforestation 
experts 
1. Plant alternating rows of maple and 
eucalyptus at 3m x 5m spacing 
660 (330 F. brayleyana, 
330 E. cloezianna) 
 
2. Thin to waste every second tree., 
when F. brayleyana reaches 18 cm 
dbh. 
340 (170 F. brayleyana, 
170 E. cloeziana) 
Age at which F. brayleyana expected 
to reach 18 cm dbh 
3. Thin every second eucalypt to 
waste or for strainer posts. Thin 
when F. brayleyana reaches a dbh 
of 32 cm. 
255 (170 F. brayleyana, 
85 E. cloeziana) 
Age when F. brayleyana expected to 
reach 32 cm dbh. Bole dbh, small-end 
diameter, bole length of E. cloeziana at 
this age 
4. Remove every second F. 
brayleyana for strainer posts or 
small diameter logs 
170 (85 F. brayleyana, 
85 E. cloeziana) 
 
5. Remove remaining eucalyptus for 
poles. 
85 F. brayleyana Ages when E. cloeziana expected to 
reach 5 specified pole dimensions  
6. Harvest every second F. 
brayleyana when crowns touch 
(50cm dbh) 
43 F. brayleyana 
 
Age at which F. brayleyana expected 
to reach 50 cm dbh 
Small-end diameter and bole length at 
this time 
7. Harvest remaining F. brayleyana 
(81cm dbh) 
Nil Age at which F. brayleyana expected 
to reach 81 cm dbh. Small-end 
diameter and bole length at this time 
 
 
 
Personal interviews were conducted with 
five north Queensland forestry experts 
chosen for their familiarity with the species 
being modelled. At the commencement of 
interviews the plantation system was 
outlined and the requirements for 
information stated. Panellists were provided 
with a table, similar to Table 2 but with 
columns 2 and 3 blank, in which to record 
their estimates after collation of estimates, 
outliers were identified and clarification was 
sought from participants. The final 
estimates of the parameters that were used 
as inputs to the financial analysis are 
provided in Table 2. 
 
In this instance, the Delphi method proved 
to be a timely and cost-effective means 
through which to collect the information and 
forecasts necessary to construct the 
financial model. 
 
While it is difficult to judge the accuracy and 
quality of the forecast information obtained 
in Examples 1 and 2, the Delphi surveys 
provided information without which the 
construction of a financial model would 
have been impossible. The stimulus for 
under choosing to undertake a Delphi 
survey was the fact that forecasts of tree 
growth and harvest age from models based 
on quantitative growth data will not be 
available until recent plantings using this 
species mix reach harvest age, and efforts 
to develop quantitative models based on 
physiological and environmental param-
eters had failed to produce suitable models. 
 
5.  SCENARIO PROJECTION  
 
What will the transport infrastructure 
requirements for forestry in Leyte in 25 
years? What will electricity demand be 
within the province in 10 years and how 
much electricity will be generated from 
renewable resources such as the 
hydropower and fuelwood? What demands 
will the increasing population place on 
timber for housing, furniture and charcoal in 
20 years time? What is the long-term 
market prospects of a new product such as 
plywood requiring large-scale research and 
development expenditure? All of these 
questions are important for capital 
budgeting purposes. 
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Table 2. Estimates of model parameters for a Flindersia brayleyana and Eucalyptus 
cloeziana mixed plantation 
 
Parameter estimate from Delphi 
survey 
Stage and parameter 
Average Range 
2. Age when F. brayleyana expected to reach 18 cm 
dbh 
8.6 years 7 - 10 years 
3. Age when F. brayleyana expected to reach 32 cm 
dbh 
17.6 years 15 - 20 years 
 At this age, the following are expected for E. 
cloeziana 
- bole dbh 
- small end diameter 
- bole length 
 
 
41.4 cm 
26.2 cm 
16.4 m 
 
 
35 - 50 cm 
15 - 35 cm 
12 - 20 m 
5. Age when E. cloeziana expected to reach specified 
dimensions for 
- Pole 1 
- Pole 2 
- Pole 3 
- Pole 4 
- Pole 5 
 
 
17.4 
17.6 
21.0 
24.2 
25.6 
 
 
10 - 25 years 
11 - 25 years 
12 - 30 years 
14 - 35 years 
15 - 35 years 
6. Age when F. brayleyana expected to reach 50 cm 
dbh 
Expected small-end dia. at this age 
Expected bole length at this age 
34 years 
 
33 cm 
14.8 m 
25 - 40 years 
 
30 - 40 cm 
6 - 20 m 
7. Age when F. brayleyana expected to reach 81 cm 
dbh 
Expected small-end dia. at this age 
Expected bole length at this age 
60 years 
 
57 cm 
16.6 m 
50 - 65 years 
 
45 - 60 cm 
10 - 20 m 
 
For instance, infrastructure for transport, 
electricity and plywood require long lead 
times to develop. In deciding on whether to 
proceed with infrastructure and new product 
investments, it is first necessary to estimate 
demand for those services and products in 
the future. Scenario projection provides a 
convenient technique to do this. 
 
Scenarios have been described as 
‘descriptions of alternative hypothetical 
futures’. Scenarios can be used to describe 
what potential futures we might expect, 
depending on whether major events will or 
won’t come to pass. Generating scenarios 
can be a useful tool in capital budgeting. 
 
While the term ‘scenario’ is used with 
various meanings, there are several 
features which characterise scenarios, viz. 
 
• A scenario is hypothetical – it describes 
some possible future. 
• A scenario is selective – it represents on 
possible state of some complex future. 
• A scenario is bound – it consists of a 
limited number of states, events, actions 
and consequences. 
• A scenario is connected – its elements 
are related, that is each element is 
conditional on or caused by other 
elements. 
• A scenario is assessable – it can be 
judged with respect to its probability or 
desirability. 
 
Ducot and Lubben (1980) suggest that 
scenarios can be distinguished in a number 
of different ways: 
 
Exploratory vs anticipatory. Exploratory 
scenarios start with some known or 
assumed states or events and explore what 
might result, i.e. they look at what might 
result. Anticipatory scenarios start with 
some assumed final state of affairs and look 
at what preconditions (events or actions) 
could produce this state of affairs, i.e. they 
are backward looking. 
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Descriptive vs normative. Descriptive 
scenarios present a possible future 
irrespective of their desirability or otherwise. 
Normative scenarios take values and goals 
explicitly into account. 
Trend vs peripheral. A trend scenario 
extrapolates the normal, surprise-free 
course of events that might be expected if 
nothing out of the normal was to happen or 
no particular course of action taken. A 
peripheral scenario depicts radical, trend-
breaking or unprobable developments. 
 
Based on practical experience, 
Schoemaker (1991) provided some 
guidelines for dealing with scenarios: 
 
1. Develop an understanding of any issues 
thought important, especially in terms of 
their history, to get a feel for the 
degrees of uncertainty. 
2. Identify the major stakeholders who 
would be interested in these issues. 
Both those with power and those 
influenced should be noted to clarify 
their roles, interests and exact power. 
3. Make a list of current trends that might 
affect the issues. Explain how these 
trends might impact on the issues. 
4. Identify key uncertainties and explain 
how they matter.  
5. Construct two ‘forced’ scenarios by 
placing all the positive outcomes in one 
scenario and all the negative outcomes 
in another. 
6. Assess the plausibility of these ‘forced’ 
scenarios. Eliminate impossible 
combinations. These revised ‘forced’ 
scenarios might be called ‘learning-only’ 
scenarios. 
7. Reassess the stakeholders in the 
learning scenarios. Identify and study 
topics for further consideration 
8. Develop outline plans based on what 
has been learned so far. Communicate 
desired scenarios to responsible 
managers 
 
Example 3: Using scenario 
forecasting to estimate demand 
 
As an example of scenario forecasting, 
suppose the planning department of a 
company in the electricity generation and 
wholesale sector wishes to forecast 
electricity demand in 10 years time, to 
assist in deciding whether to construct a 
new hydropower station. The steps in 
scenario development might proceed as 
follows: 
 
1. Understanding of issues and history. 
Develop an understanding of any issues 
thought important, especially in terms of 
their history, to get a feel for the 
degrees of uncertainty. These demands 
have been growing, but there have been 
some unrealistically high demand 
forecasts in the past which have at led 
to excessive capital outlays, and 
criticism by environmentalists. 
2. Identifying major stakeholders groups. 
The major stakeholders are other 
electricity generators, electricity 
consumers (industrial, commercial and 
domestic) and consumer advocates 
(sensitive to price increases), 
environmental groups (concerned about 
increasing greenhouse gas emissions). 
3. Identifying current trends. Electricity 
demand is increasing steadily due to 
increased population, rural electrification 
and increasing ownership of electrical 
appliances. A campaign has been 
undertaken by government to 
encourage adoption of electricity rather 
than charcoal for cooking, for air quality 
reasons. The net impact is likely to be 
rapidly increased electricity demand 
until adoption of electrical appliances 
reaches saturation, then a slow increase 
as energy efficiency is pursued. 
4. Identify key uncertainties. On the supply 
side, other generators may install new 
plant. On the demand side, it is possible 
that new industrial facilities will be 
constructed, and major rural 
electrification projects will proceed, but 
the boom in construction of office blocks 
could come to an end. These events 
could lead to major changes in overall 
generation capacity, and in industrial 
and commercial demand. 
5. Identify two ‘forced’ scenarios. The most 
favourable scenario for the generator 
would be where there is little increase in 
generation capacity, but a large 
increase in demand. The most negative 
outcome would be where other 
generators build new plant, but 
expected increase in demand does not 
eventuate. Demand and supply 
quantities in megawatt hours would 
need to be placed on these scenarios, 
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and price impacts inferred.  
6. Experience indicates that both extremes 
are possibilities, although installation of 
competing new plant, moderate 
increase in industrial demand and little 
increase in commercial demand over 
the forecast period appears more 
probable.  
7. Reassessment of the stakeholders in 
the learning scenarios. Identify and 
study topics for further consideration. 
Here, further investigation might be 
undertaken into how research 
developments in the field of renewable 
energy might affect household 
consumption and the capacity of export 
of energy from co-generation of small 
electricity producers such as cane mills 
might change with developing 
technology.  
8. Develop outline plans, and 
communicate scenarios to 
management. The ‘most probable’ 
forecast and some comments on 
alternative outcomes would form the 
core information. 
 
Further information on the use of scenarios 
in forecasting can be found in Jungermann 
and Thüring (1987). Vlek and Otten (1987) 
have provided an excellent coverage of the 
use of scenarios in the energy industry.  
 
6.  CONCLUDING COMMENTS – WHICH 
TECHNIQUE IS BEST? 
 
In this section a number of data collection 
techniques have been outlined which may 
be useful in socio-economic studies for 
estimating future values of key variable as 
input into financial appraisals. No matter 
what technique is selected, it is important to 
recognise its limitations because these will 
affect how the technique is applied and the 
quality of the estimates generated. 
Furthermore, with any technique that 
involves the collection of data it is essential 
to proceed in an orderly and well thought-
out manner. Sometimes there is a tendency 
to collect information first and then worry 
about how it is to be used. The starting 
point however should be first to clearly 
identify what information is needed, decide 
on the most appropriate technique to collect 
the data (in context of the resources, time 
and other limitations) and only then 
commence data collection. 
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